In this study, seasonal biogenic volatile organic compound (BVOC) emission rates and emission patterns of Ginkgo biloba linn are estimated. The released volatiles were collected from branches onto cartridges filled with Tenax TA, and quantified by thermal desorption gas chromatography mass spectrometry (GC-MS). The result showed that the main BVOCs emitted from Ginkgo biloba linn were alkanes, aldehydes, alkenes, aromatic compounds, esters, terpenes and ketones. The total BVOC emission rate increased from May, and reached its maximum 27.96 µg C g -1 dw h -1 in July, then decreased quickly. The emissions of α-pinene, isoprene, cyclohexane, methyl-cyclohexane and 2-methyl-hexane were significantly correlated to both temperature (p<0.05) and light (p<0.05).
Introduction
More than 90% of biogenic volatile organic compounds (BVOCs) are emitted by the terrestrial ecosystem [1] . BVOC could enhance atmospheric O 3 and other oxidant levels, especially in locations rich in nitrogen oxides. In addition, compounds formed during the degradation of BVOCs were able to deposit on suspending particles [2] . The particles would influence the radiation balance of the earth. The emissions of BVOC could have more important impact on atmospheric chemistry and carbon cycle in both rural and urban areas. In the last decade, the researches were mainly done on natural ecosystems with lesser emphasis on urban ecosystem. Moreover, the local effects of BVOC emissions on atmospheric, fluctuate greatly seasonally during the year, but these were still rather poorly documented. The construction of global BVOC emission inventory was depended on the use of algorithm describing BVOC emission rate under different environmental condition. Measurements of BVOC emissions from urban ecosystems and the dominant tree species at different times of the year were undoubtedly required.
The Ginkgo biloba linn is a deciduous tree that is grown largely as an ornamental plant over large areas of North America, Europe and Asia. It has an abundance of 66.59 trees per km² in the courtyard of Shenyang. In this study, seasonal BVOCs emission rates and emission patterns of Ginkgo biloba linn are discussed and the effects of light and temperature on BVOC emissions are estimated.
Materials and Method
Plant Material. The measurements were made on street trees in Shenyang (41˚46′31.29″ N, 123˚26′27.51″ E) in the northeastern China. The Ginkgo biloba linn has an abundance of 66.59 trees per km² in the courtyard of Shenyang. The sampled trees were characterized by a canopy height of 3 m on average, diameter at breast height of 10 cm, tree age of 20 years old. Sampling. The measurements in 2006 were performed around on 20th every month with a clear day from May to September. Sampling bags, about 350 L, were used to cover well-lighted branches or clumps of foliage and the base of each bag was carefully closed. Background BVOCs emissions of empty sampling bags were checked. The samples were collected on adsorbent tubes made of stainless steel tubing (170 × 4.6 mm, ID), filled with Tenax-TA using a constant-flow type pump. Sample tubes, cleaned prior to use, were kept at 4°C until analysis. Chemical Analysis and calculation. The samples were thermally desorbed by an Aero trap desorber (Tekmar 6000, USA), and then the desorbed BVOCs were carried by ultra-pure helium gas to a charcoal trap cooled with liquid nitrogen to -165°C. The trap was then thermally desorbed at 240°C for 4 min and BVOCs were transferred to the CryoFocus Module (CM). Finally, the CM was heated rapidly to 225°C for sample injection to GC/MSD (HP 5890 with HP 5972 mass selective detector, Hewlett-Packard, USA) for detection. The BVOCs emission rates were calculated as Li et al [3] . Statistical Analysis. All the data were averaged from 6 replicas. All data were calculated and subjected to statistical analysis of variance (ANOVA) and correlation analysis in the SPSS 11.5 statistical package.
Results

BVOC Emission Pattern.
Altogether individual volatile compounds were identified in the collected air samples on the basis of mass spectra (Table 1) . Alkanes, aldehydes, alkenes, aromatic compounds, esters, terpenes, and ketones were the main BVOCs emitted from Ginkgo biloba linn. The relative contents of BVOCs had apparent variations from May to September. Isoprene and terpenes represented about 0.11 ~ 4.73 % of the total emission. The most important terpene species identified were limonene, α-pinene, β-pinene, and longifolene. Figure 1 . The total BVOC emission increased from May, reached its maximum 27.96 µg C g -1 dw h -1 in July, and then decreased. Moreover, the range of terpene emission rate was 0.0017 to 0.43 µg C g -1 dw h -1 (from May to September).
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Frontiers of Green Building, Materials and Civil Engineering Table 2 showed that the emission rates of α-pinene, isoprene, cyclohexane, methyl-cyclohexane and 2-methyl-hexane significantly depended on both temperature (p<0.05) and light (p<0.05). Table 2 Correlation between BVOC emission rates and micrometeorological parameters α-pinene isoprene cyclohexane methyl-cyclohexane 2-methyl-hexane Temperature -0.911* -0.948* -0.957* -0.951* -0.961** Light 0.989** 0.973** 0.996** 0.984** 0.976** * is significant at 0.05 level; ** is significant at 0.01 level
Discussion
In the present experiment, not only the terpene emissions, but also the concentrations of alkanes, aldehydes, alkenes, aromatic compounds, esters and ketones compounds emitted by Ginkgo biloba linn were characterized. In July, the emission pattern of Ginkgo biloba linn was quite complex with 64 compounds being emitted. The observed seasonality of BVOC emissions might lead to distinct atmospheric chemical regimes at different times of the year. Fall et al. [4] divided these BVOCs into two major classes with estimated yearly emissions of about 260 Tg each: reactive BVOC (e.g., aldehydes) and less reactive BVOC (e.g., methanol and acetic acid). Isoprene and monoterpenes were trace constituents, but have high activity in atmospheric chemistry, hence, a lot of researches focused mainly on these compounds. 80 % of the total monoterpenes emitted by Quercus suber were limonene, α-pinene, β-pinene and sabinene [5] . The BVOC synthase genes and the regulatory genes had specifically diversified with speciation.
Several studies had shown that there was a strong seasonal variation in BVOC emissions from plant species. In this study, the compounds emitted by Ginkgo biloba linn were characterized by GC-MS. The seasonal variation of total BVOC emission rate was very similar to the larger data set already available for the emissions of cork oak. The total BVOC emission increased from May, reached its maximum 27.96 µg C g -1 dw h -1 in July, and then decreased. However, the BVOC emissions from some other tree species were not significantly different in the spring and summer [6] . The seasonal changes in emission rates were in some cases linked to plant growth and phonological events such as budding, flowering, fruiting etc. Furthermore, the changes in Applied Mechanics and Materials Vols. 71-78 environmental factors (eg. temperature, water and nutrient availability) would lead to BVOC emission rate variations. We found BVOC emissions from Ginkgo biloba linn reached their maximum in July, which was coincident with the high temperature and strong incident solar radiation in Shenyang.
Our experiments indicated that isoprene, α-pinene, cyclohexane, methyl-cyclohexane, and 2-methyl-hexane emitted from Ginkgo biloba linn over the growing seasons had negative relationship between emission rates and temperature. Because there was no storage of BVOC inside the leaf, this emission behaviour indicated regulation of BVOC synthesis capability. The isoprene synthase denaturation in the leaf might control the temperature response of isoprene emission [7] . The high-temperature stress caused a different level or a different pattern of membrane denaturation, not involving oxidation of emitted compounds into alcohols and acetates [8] . In summary, temperature was one of the important factors for synthesis and emission of BVOC, however, the mechanism was not clear. BVOC emissions were very sensitive to changes in temperature and all efforts to model these emissions had included some algorithms describing temperature dependence. For the non-storing tree species, BVOC emission was more related to light and photosynthetic rates than to temperature. The reported relationship between light and the BVOC emission rates in Ginkgo biloba linn agreed with the previous work on other tree species. Plant species having light-dependent BVOC emissions could have a significant impact on regional emission model results. There were relatively large errors associated with the BVOC emissions estimation. The researchers suggested that a twofold intraspecific variation was important relative to long-term effects of light and need to quantify plant -to -plant variability in order to constrain model predictions [9] . Hence, there was an obvious need to record experimental emission rates with a range of environmental parameters in order to validate and improve the emission estimations.
Conclusion
Alkanes, aldehydes, alkenes, aromatic compounds, esters, terpenes and ketones were the main BVOCs emitted from Ginkgo biloba linn. There was a distinct variation in BVOC relative contents and emission rates during the grown seasons. Although we found that the α-pinene and isoprene emissions significantly depended on the temperature and light, the main dependence factors for the ginkgo BVOC emissions have not been determined precisely.
